Abstract Atrial fibrillation is a common arrhythmia. One of the important aspects of the management of atrial fibrillation is stroke prevention. Warfarin has been the longstanding anticoagulant used for stroke prevention in patients with atrial fibrillation. There are now three novel oral anticoagulants, which have been studied in randomized controlled trials and subsequently approved by the Federal Drug Administration for stroke prevention in patients with atrial fibrillation. Special patient populations, including renal insufficiency, elderly, prior stroke, and extreme body weights, were represented to varying degrees in the clinical trials of the novel oral anticoagulants. Furthermore, there is variation in the pharmacokinetics and pharmacodynamics of each anticoagulant, which affect the patient populations differently. Patients and clinicians are faced with the task of selecting among the available anticoagulants, and this review is designed to be a tool for clinical decision-making.
Introduction
Atrial fibrillation (AF) is the most common clinical arrhythmia, and it accounts for one-third of hospitalizations for rhythm disorders [1] . The prevalence of AF in the United States is 1 % and increases with age, such that approximately 70 % of cases of AF are in patients between 65 and 85 years of age [2] . With an aging population, the number of patients with AF is expected to increase 150 % by 2050, with more than 50 % of patients being over the age of 80 [3] [4] [5] [6] [7] [8] . The increasing burden of AF is expected to lead to a higher incidence of stroke, as patients with AF have a 5-to 7-fold greater risk than the general population [9] [10] [11] . Strokes resulting from AF have a worse prognosis than in patients without AF [12, 13] . Moreover, AF is an independent risk factor for mortality with an adjusted odds ratio of 1.5 in men and 1.9 in women in the Framingham population [14] . Vitamin K antagonists (warfarin), direct thrombin inhibitors (dabigatran), and factor Xa inhibitors (rivaroxaban and apixaban) are all oral anticoagulants that have been FDA approved for the prevention of cardioembolic events in non-valvular AF. A question on the minds of many practicing clinicians then becomes, ''how should I approach the selection of an optimal agent for my patient?''. Our focused review was crafted specifically to inform and guide clinicians in daily decision-making.
Providing a foundation for drug selection based on clinical trial-derived evidence
There have been three randomized clinical trials comparing novel oral anticoagulants (NOAC) to warfarin, and a fourth trial is nearing completion (Table 1) [15] [16] [17] .
RE-LY was an open label randomized trial demonstrating that dabigatran 150 mg twice daily was superior to warfarin for the prevention of stroke and systemic embolism among patients with non-valvular AF [15] . Patients taking dabigatran had lower rates of ischemic stroke, hemorrhagic stroke, and intracranial bleeding (see Table 2 ) [15] [16] [17] . There were similar rates of major bleeding and increased rates of gastrointestinal bleeding with dabigatran at the [19] . A similar trend was seen when ximelagatran was compared with warfarin for the treatment of AF [20, 21] . ROCKET AF and ARISTOTLE were randomized, double-blind, and double dummy trials that investigated rivaroxaban and apixaban, respectively, as compared with dose adjusted warfarin [16, 17] . Patients in ROCKET AF were higher risk for thromboembolic event based on CHADS2 score, as there were nearly three times as many patients with CHADS2 scores of 3-6 compared with RE-LY and ARISTOTLE. Rivaroxaban was non-inferior to warfarin for major bleeding and the primary endpoint of prevention of stroke or systemic embolization. Patients receiving rivaroxaban, when compared to those given warfarin, had a lower risk of hemorrhagic stroke and intracranial bleeding. There was a small, non-statistically significant trend towards decreased risk of MI with rivaroxaban.
Apixaban was superior to warfarin for the endpoint of stroke (ischemic and hemorrhagic) and major bleeding. Patients randomized to apixaban had lower rates of intracranial bleeding and a statistically significant mortality benefit compared with warfarin.
Data from ENGAGE AF-TIMI 48 trial, comparing edoxaban and warfarin should be available in 2013 [22] .
Pharmacokinetics, pharmacodynamics, metabolism, and drug-drug interactions
Dabigatran is a direct thrombin inhibitor, and apixaban and rivaroxaban are direct factor Xa inhibitors (see Table 3 ) [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Each agent is a reversible, active site antagonist. As summarized in Table 3 , the time to peak drug levels is less than 4 h with each of the NOACs [23] [24] [25] . Apixaban and rivaroxaban are both nearly 90 % protein bound, while dabigatran is 30 % protein bound [26] [27] [28] . The proportion of renal excretion for apixaban, dabigatran, and rivaroxaban vary and are 27, 80, and 36 %, respectively [23, 24, 29] . Food can slightly alter the absorption of these medications, as taking the medication with food will prolong absorption of dabigatran and increase factor Xa inhibition with rivaroxaban [30, 31] . Dabigatran bioavailability is decreased by approximately 20 % with concomitant proton pump inhibitor use; however, the clinical impact of this reduction was not evident in RE-LY [32] . Apixaban and rivaroxaban both have potential drug-drug interactions with medications affecting the CYP3A4 pathway of metabolism/clearance and, to a lesser degree, P-gp pathways. Patients taking these medications (ketoconazole, clarithromycin, erythromycin, rifampin, and protease inhibitors) were excluded from the clinical trials [26, 33] . Dabigatran is also a substrate for P-gp and, accordingly, clinicians must be aware of concomitant medications that may either increase or decrease reverse transport (and plasma drug levels) when prescribing.
Specific patient populations
Creatinine clearance/renal function Apixaban and rivaroxaban have renal clearance of 27 and 36 %, respectively [23, 29] . Dabigatran has renal clearance of 80 %, and patients have sixfold higher exposure to the drug with severe renal impairment [24, 34] .
Patients were excluded from RE-LY and ROCKET AF if they had a creatinine clearance of \30 mL/min. The doses of dabigatran studied in RE-LY were 150 and 110 mg twice daily with no dose adjustment based on creatinine clearance [15] . The FDA approved a dose of 75 mg twice daily for patients with creatinine clearance between 15 and 30 mL/min, based on pharmacokinetic modeling [41, 42] . Clinical data are not available for the 75 mg twice daily dose. ROCKET AF studied rivaroxaban 20 mg daily in patients with normal and mild renal impairment with creatinine clearance C50 mL/min and 15 mg daily for patients with moderate renal impairment and creatinine clearance between 30 and 49 mL/min [16] . A subgroup analysis of patients with moderate renal impairment, creatinine clearances between 30 and 49 mL/min, in ROCKET AF compared 1474 patients receiving rivaroxaban 15 mg with 1476 dose adjusted warfarin patients. Rivaroxaban in patients with moderate renal insufficiency showed non-inferiority to warfarin for the primary safety endpoint, which mirrored the overall trial results. Moderate renal impairment patients had decreased fatal bleeding relative to warfarin, as seen in the cohort with normal to mild renal insufficiency, and similar levels of intracranial hemorrhage, which differed from the lower rates of intracranial hemorrhage in rivaroxaban patients with creatinine clearance C50 mL/min [43] . The dosing recommendations of rivaroxaban are for the 15 mg daily dose for patients with creatinine clearance of 15-49 mL/min.
ARISTOTLE excluded patients with a creatinine clearance of\25 mL/min or a creatinine of greater than 2.5 mg/ dL. Patients received the standard 5 mg twice daily dose or were reduced to 2.5 mg twice daily if they had two of the following criteria: age [80, creatinine [1.5 mg/dL, and weight \60 kg [17] . A subgroup analysis from Interaction with medications affecting both CYP3A4 and P-gp pathways (clarithromycin, erythromycin, ketoconazole, rifampin, and protease inhibitors) [33] Decrease in bioavailability by 20-24% with pantoprazole [ 32 ] No changes in activity with ranitidine or antacid [9] Interaction with medications affecting both CYP3A4 and P-gp pathways (clarithromycin, erythromycin, ketoconazole, rifampin, and protease inhibitors) [ 26 ] Impact on QTc Interval None [39] Other Hemodialysis removes 62-68 % [34] References are listed in square brackets ARISTOTLE compared 7518 patients with normal renal function, 7587 patients with mild renal impairment, and 3017 patients with moderate renal impairment, as defined by estimated glomerular filtration rates of [80 mL/min, between 50 and 80 mL/min, and \50 mL/min, respectively. The hazard ratios for stroke and systemic embolism, as well as, all-cause mortality favored apixaban over warfarin across all three patient cohorts. Patients with moderate renal impairment had the greatest reduction in risk of bleeding among patients taking apixaban compared with warfarin [44] .
Patients with renal impairment have higher incidence of bleeding with anticoagulation. These patients also have higher bioavailability of the NOACs, especially dabigatran, which has the highest rate of renal clearance. Apixaban and rivaroxaban may, therefore, be more attractive agents for patients with renal impairment, as these medications have demonstrated a reduction in risk of bleeding compared with warfarin in this patient population. Warfarin should still be used for patients with severe renal impairment (creatinine clearance \25 mL/min).
Valvular disease
There are no clinical trial data comparing warfarin and NOACs in patients with valvular heart disease or mechanical valves, as these patients were not enrolled in RE-LY, ROCKET AF, and ARISTOTLE based on the entry and exclusion criteria. The AVERROES trial was a doubleblinded study comparing apixaban to aspirin in patients with AF, who were not candidates for warfarin therapy. The study was terminated early because the apixaban was found to be superior to aspirin with respect to reduction of stroke and systemic embolism (HR 0.45; CI 0.32-0.62, p \ 0.001) with no significant increased risk in major bleeding or intracranial hemorrhage [45] . Approximately 2 % of the patients in the trial had mitral stenosis, but given the small numbers, no subgroup analysis on these patients has been done.
An animal study demonstrated effectiveness of dabigatran compared with enoxaparin for mechanical aortic valves [46] , and an in vitro study with human blood showed effectiveness of high dose rivaroxaban compared with unfractionated heparin and low molecular weight heparin for mechanical aortic valves [47] . RE-ALIGN was an open label, randomized, blinded end-point phase II trial that evaluated the safety of dabigatran compared with warfarin in patients with aortic and mitral, mechanical bileaflet valves. The trial was designed to include patients between 18 and 75 years old to be randomized either during the valve implant hospitalization or greater than 3 months after receiving a mechanical valve. Both arms of the trial were terminated prematurely due to increased thromboembolic and bleeding events in the dabigatran arm.
The immediate post-surgery arm was stopped first due to safety concerns of low plasma levels of dabigatran and higher thromboembolic events in the dabigatran patients. The 3 month post-surgery arm randomized patients to initial dabigatran doses of 150, 220, or 300 mg twice daily based on creatinine clearance of \70 mL/min, between 70 and 110 mL/min, and [110 mL/min, respectively. Patients had dabigatran plasma levels checked and had doses titrated up to a maximum of 300 mg twice daily if dabigatran plasma levels are \50 ng/mL, and patients with levels \50 ng/mL on dabigatran 300 mg twice daily will be changed to warfarin [48] .
There have been case reports of patients with mechanical valves developing thrombus on the valves shortly after being changed from warfarin to dabigatran [49] . Until more data becomes available, warfarin is the safest option for patients with valvular disease.
Elderly patients
Elderly patients with AF are the patients that benefit the most from antithrombotic therapy [50] , but they have been undertreated, historically. Based on data from approximately 11,000 patients in the ATRIA cohort, who had no contraindications to warfarin, only 35 % of patients [85 years old were treated with oral anticoagulation compared with 62 % of patients between 65 and 74 years old [51] . Physicians state that concern for falls and hemorrhage, respectively, are the most common reasons to refrain from oral anticoagulation in elderly with AF [52] . Data from patients on warfarin in ATRIA identified 90 % of bleeding related deaths were due to intracranial hemorrhage [53] . Bleeding rates on warfarin are particularly high when elderly patients have supratherapeutic INRs, as 25 % of major hemorrhages are associated with supratherapeutic anticoagulation [54] . The NOACs have the potential to reduce the time that patients spend outside of the therapeutic window, and the lower rates of intracranial hemorrhage for NOACs as compared with warfarin may be particularly important for elderly patients. Bioavailability in the elderly is higher than in the non-elderly with all NOACs, although apixaban has the lowest increase in exposure and dabigatran has the highest with a 70-100 % increase [27, 32, 35] .
It is reasonable to apply the results of NOAC trials to patients [75 years old, as these patients were well represented in the trials. The median ages of patients in ARIS-TOTLE, RE-LY, and ROCKET AF were 70, 71.5, and 73 years old, respectively. Patients [76 years old were 25 % of the patients in ARISTOTLE, and patients [78 years old were 25 % of the patients in ROCKET AF.
Elderly patients have a higher incidence of polypharmacy and renal impairment secondary to decreased creatinine clearance with age. The NOACs may provide a more attractive drug interaction profile with less impact on pharmacokinetics and pharmacodynamics for most patients with polypharmacy, as compared with warfarin. As previously described, mild or moderate renal impairment is not a limitation with NOACs, but severe renal impairment is currently a limiting factor. Dosing frequency is also a major consideration in the elderly. A study of 690 patients [64 years old found that medications taken more than once daily had a significant increase in non-adherence (OR 2.99, 95 % CI 1.24-7.17) [55] . These findings may make once daily drugs such as rivaroxaban and warfarin more attractive options than twice daily drugs such as apixaban and dabigatran; however, any of the NOACs are reasonable to consider for patients [75 years old.
Body weight \60 kg or [120 kg
There have been no observed variations in bioavailability or peak concentrations with dabigatran in patients that are obese or underweight [30] . The pharmacokinetics and pharmacodynamics with factor Xa inhibitors are affected by weight, but there is no available data on the clinical impact of these effects. ARISTOTLE had weight\60 kg as one of two needed criteria for a dose reduction to 2.5 mg twice daily. Patients with weight \50 and [120 kg have a 20-30 % higher and 20-30 % lower exposure, respectively to apixaban [27]. There were not dose adjustments in ROCKET AF based on weight, but there is a 24 % increase in peak concentration and slight increase in half-life to 10 h in patients \50 kg. There has been no effect noted in patients weighing [120 kg [36] . The challenge with medical decision-making for patients with very low or very high body weight is that these patients make up a small proportion of the patients in the trials. Due to the limited data in these patients, it may be safest to use warfarin until more data is available.
Hepatic impairment
Patients with active liver disease such as acute hepatitis, chronic active hepatitis, and cirrhosis were excluded from RE-LY, ROCKET AF, and ARISTOTLE [15] [16] [17] . Patients were also excluded from the trials if there was evidence of hepatic impairment on baseline laboratory values. RE-LY excluded patients with ALT, AST, or alkaline phosphatase greater than twice the upper limit of normal [15] . ROCKET AF excluded patients with ALT greater than three times the upper limit of normal [16] . ARISTOTLE excluded patients with ALT or AST greater than twice the upper limit of normal or a total bilirubin greater than one and a half times the upper limit of normal [17] . Patients with Child-Pugh classification of A or B did not have a significant change in exposure to apixaban or dabigatran [27, 38] . Patients with Child-Pugh classification B taking rivaroxaban did experience a greater than twofold increase in exposure, and the medication is not recommended for patients with ChildPugh classification B or C [26] . Based on the conservative exclusion criteria for the clinical trials, it may be best to use warfarin for patients with hepatic impairment, meaning active liver disease or liver function tests greater than twice the upper limit of normal.
Prior stroke or TIA There has been a substudy in each of the NOAC trials investigating differences in events based on presence or absence of previous stroke or TIA. ARISTOTLE and ROCKET AF had 3436 and 7468 patients, respectively with previous stroke or TIA [56, 57] . RE-LY had 2428 patients in the warfarin and dabigatran 150 mg cohorts with previous stroke or TIA [58] . All of the substudies found that patients with previous stroke or TIA were at higher risk of major bleeding, stroke, or systemic embolism compared with patients without a previous stroke of TIA. This was true regardless of anticoagulation strategy for the patients, meaning that there was no difference between the effects of the NOACs and warfarin when comparing rates of 1) stroke or systemic embolism or 2) major hemorrhage in patients with and without a history of stroke or TIA. Patients with previous stroke or TIA were more likely to have a hemorrhagic stroke than their counterparts, and each of the NOACs had a statistically lower incidence of hemorrhagic stroke in patients with a history of previous stroke or TIA compared with warfarin. All three of the NOACs should be considered for patients with previous stroke or TIA.
Triple therapy
Several studies have investigated NOAC in the treatment of patients with ACS (regardless of AF status). Using the same dose of apixaban as the ARISTOTLE trial, APPRAISE-2 evaluated apixaban in addition to antiplatelet therapy: aspirin (16 % of patients) or aspirin and clopidogrel (81 % of patients) for the prevention of recurrent ischemic events. In APPRAISE-2 apixaban increased major bleeding (HR 2.59 [1.50-4.46] ), including more frequent fatal and intracranial bleeding events with no clinical benefit [59] . ATLAS ACS 2-TIMI 51 evaluated the use of rivaroxaban with antiplatelet therapy (99 % on aspirin and 93 % on clopidogrel). The doses of rivaroxaban used in ATLAS ACS 2 were much smaller than those in ROCKET AF (2.5 and 5 mg twice daily vs. 20 mg daily). Those randomized to low-dose rivaroxaban had a 16 % reduction in the composite efficacy endpoint (cardiovascular death, myocardial infarction, and stroke). There were increased rates of major bleeding and intracranial hemorrhage among the rivaroxaban patients, but there was no change in fatal bleeding [60] . Neither of these ACS trials was designed to investigate the impact of triple therapy on stroke or survival for AF patients after ACS and/or PCI.
The 2011 ACC/AHA guideline update and a position paper by European Society of Cardiology cite the lack of data and uncertainty regarding combination therapy in patients with AF who undergo PCI [61, 62] . No secondary analysis from the NOAC trials has been released describing the experiences of patients on a NOAC, who then had dual antiplatelet therapy added after PCI. The WOEST trial was designed as a randomized trial comparing dual therapy (oral anticoagulation and clopidogrel) and triple therapy (oral anticoagulation, clopidogrel, and aspirin) after PCI [63] . The results of WOEST were presented at the 2012 European Society of Cardiology. The 573 patient trial found significantly less bleeding events (p \ 0.001) with no statistically significant decrease in major bleeding (p = 0.159) among patients on dual therapy. The composite efficacy (death, MI, target vessel revascularization, stroke, and stent thrombosis) favored dual therapy to triple therapy (HR 0.60, CI 0.38-0.94, p = 0.025), although the trial was not powered to analyze efficacy [64] . Additional randomized trials evaluating combination oral anticoagulation, especially NOAC, and antiplatelet therapy after PCI and ACS are needed. The ISAR-TRIPLE is a randomized trial comparing triple therapy with aspirin, clopidogrel, and vitamin K antagonist for 6 weeks versus 6 months after placement of a drug eluting stent. After triple therapy the patients take aspirin and vitamin K antagonist. Results from this trial are expected in late 2014. The MUSICA-2 trial is also an ongoing randomized trial that is comparing triple therapy with acetylsalicylic acid 100 mg daily, clopidogrel 75 mg daily, and dose adjusted acenocoumarol and dual therapy with acetylsalicylic acid and clopidogrel. This trial is expected to close in December 2012.
Given the increased risk of intracranial hemorrhage in APPRAISE-2, until more data are available, the most conservative approach will be to restrict triple therapy to the use of warfarin. It is also important to limit the duration of triple therapy by using bare metal stents unless there is a significant benefit to drug eluting stents (class IIa recommendation) [65] . There may be increased complexity of decision-making in the future, if the NOACs are approved for ACS at different doses than have been approved for AF stroke prevention.
Risk scores for risk of stroke (CHADS2 and CHADS2-Vasc) and risk of bleeding (HAS-BLED) on oral anticoagulation can also be utilized in decision-making. The European Society of Cardiology has different antiplatelet and anticoagulation recommendations for AF patients at low risk of bleeding (HAS-BLED score of 0-2) compared with patients at high risk of bleeding (HAS-BLED C 3) [66] . Similarly Paikin et al. proposed that anticoagulated patients who receive a stent should be placed on dual or triple therapy based on a combination of risk scores for thromboembolism and bleeding. Patients with CHADS2 scores of 0-1 or patients with CHADS2 scores[1 but at high risk of bleeding should receive dual antiplatelet therapy. Patients with CHADS2 scores [1 and at low risk of bleeding should receive triple therapy [67] . Patient values and preferences for accepting risk of bleeding versus risk of thromboembolism need to play a large role in decision-making.
Comparison of oral anticoagulants
There are over 50,000 patients in ARISTOTLE, RE-LY, and ROCKET AF. There have been three meta-analyses reported with the cumulative class of NOACs compared with warfarin. The findings of the three studies are similar (see Table 4 ) [68] [69] [70] . The NOACs have significantly fewer events of stroke and systemic embolism, hemorrhagic stroke, and intracranial bleeding. The meta-analyses demonstrate an all-cause mortality benefit for the NOACs, similar to that seen in ARISTOTLE. There is no statistically significant difference in major bleeding (with the exception of Lip et al.) or gastrointestinal bleeding, as Similarly, there are five published works based on indirect comparisons of apixaban, dabigatran 150 mg, and rivaroxaban. There are limitations in this methodology, as the indirect comparison methodology introduces multiple confounders. Furthermore, the patient populations are different between the trials, and this is most significant for the higher risk of stroke and systemic embolism (higher CHADS2 score) in ROCKET AF. Despite variations in methodology, each indirect comparison manuscript arrived at similar results (see Table 5 ) [68, [70] [71] [72] [73] . Dabigatran 150 mg was found to have a statistically significant fewer number of strokes and systemic embolism, as well as, hemorrhagic strokes compared with rivaroxaban. Apixaban had a lower rate of major bleeding and gastrointestinal bleeding compared to dabigatran 150 mg or rivaroxaban. Schneeweiss et al. specifically compared the NOACs among high risk patients (CHADS2 C 3) and found that apixaban had lower major bleeding than rivaroxaban, but the agents were otherwise undifferentiated in this patient population. Neither these nor future indirect comparisons are a substitute for a ''head-to-head'' randomized trial, but they do provide general direction because of a required understanding of the patients represented in individual clinical trials.
We have utilized all of the data available to develop an algorithm for selecting an anticoagulant. The focus of the algorithm is on customization based on patient characteristics (see Fig. 1 ). In patients with renal insufficiency, one should consider apixaban or rivaroxaban, given that these agents have a lower percentage of renal clearance and a more muted effect on exposure with change in creatinine clearance. When selecting a NOAC for an elderly patient, it is important to consider that these patients are at high risk of acute kidney injury; however, it is reasonable to consider apixaban, dabigatran, or rivaroxaban for these elderly patients. For patients with history of MI, there remains a question of a signal in the direction of increased MI with dabigatran, so apixaban and rivaroxaban may be better as first line agents. Warfarin should be used with valvular disease/mechanical valves, severe renal impairment (creatinine clearance \25 mL/min), extreme low or extreme high weights, and triple therapy until additional data is available. ROCKET AF found rivaroxaban to be non-inferior to warfarin in the highest risk patients of the NOAC trials, so it has the best data for use in previous stroke or TIA, but it is also reasonable to consider apixaban and dabigatran for these patients. Apixaban is the only agent with a proven mortality benefit compared with warfarin in a randomized, double-blinded study, but dabigatran and rivaroxaban should also be considered for patients with no other comorbidities.
This review is designed to provide guidance for clinical decision-making. Ultimately, there is significant variation among patients concerning values and patient preferences, and these factors will need to be assessed and considered on a case-by-case basis for decision-making [74] . The pharmacoeconomics of NOACs is outside the scope of this review, but cost and insurance coverage are often an important influence on decision-making. Patient preferences, especially those based on prior personal experience with warfarin, may also impact decision-making.
Conclusion
The options for oral anticoagulation for patients with AF have expanded, and the NOACs are good alternatives to warfarin. As a class, the NOACs are effective and safe when compared with warfarin. Each agent has strengths and weaknesses that allow for customization based on a given patient situation. As additional outcomes data become available, the selection algorithm will continue to change and be refined. Ultimately, patient values, preferences, and cost are key factors that need to be incorporated into the decision-making process.
